ABSTRACT Stellar distance is an important basic parameter in stellar astrophysics. Stars in a cluster are thought to be formed coevally from the same interstellar cloud of gas and dust. They are therefore expected to have common properties. These common properties strengthen our ability to constrain theoretical models and/or to determine fundamental parameters, such as stellar mass, metal fraction, and distance when tested against an ensemble of cluster stars. Here we derive a new relation based on solar-like oscillations, photometric observations, and the theory of stellar structure and evolution of red giant branch stars to determine cluster distance moduli through the global oscillation parameters ∆ν and ν max and photometric data V. The values of ∆ν and ν max are derived from Kepler observations. At the same time, it is used to interpret the trends between V and ∆ν. From the analyses of this newly derived relation and observational data of NGC 6791 and NGC 6819 we devise a method in which all stars in a cluster are regarded as one entity to determine the cluster distance modulus. This approach fully reflects the characteristic of member stars in a cluster as a natural sample. From this method we derive true distance moduli of 13.09 ± 0.10 mag for NGC 6791 and 11.88 ± 0.14 mag for NGC 6819. Additionally, we find that the distance modulus only slightly depends on the metallicity [Fe/H] in the new relation. A change of 0.1 dex in [Fe/H] will lead to a change of 0.06 mag in the distance modulus.
INTRODUCTION
Asteroseismology provides a powerful tool to probe detailed information regarding the internal structure and evolutionary state of stars. Many stars with solar-like oscillation have been observed with space-based instruments, such as WIRE (e.g. Hacking et al. 1999; Buzasi et al. 2000) , MOST (e.g. Walker et al. 2003; Matthews et al. 2004) , CoRoT (e.g. Baglin et al. 2006) , and Kepler (e.g. Koch et al. 2010; Gilliland et al. 2010 ). These missions have provided precise near-uninterrupted photometric timeseries data which allows for asteroseismic analyses of many stars. This opens the possibility to study large samples of stars, i.e., to perform so-called "ensemble asteroseismology" (Chaplin et al. 2011) . The observed oscillation parameters can be used to determine the stellar fundamental parameters (mass M , radius R, surface gravity g, mean density ρ, etc.).
The members of a cluster constitute a natural sample, as stars in a cluster are assumed to be formed coevally from the same interstellar cloud of gas and dust. Therefore, they are expected to have common properties, such as element composition, distance, age, etc. For this reason, ensemble asteroseismology is very suitable for cluster stars, for examples, see Stello et al. (2010 Stello et al. ( , 2011a , Hekker et al. (2011b) , Basu et al. (2011) , Miglio et al. (2012) , Corsaro et al. (2012) , and Wu et al. (2014) .
Distance is a fundamental parameter in astrophysics. The Hipparcos satellite (e.g. Perryman & ESA 1997) provided parallax measurements of a large number of stars to obtain their distances. For clusters, there are many methods to ob-tain the cluster distance modulus or distance. For example, isochrone fitting (e.g. Chaboyer et al. 1999; Stetson et al. 2003; Bedin et al. 2005 Bedin et al. , 2008 Hole et al. 2009; Wu et al. 2014) , or using red-clump stars as "standard candles" (e.g. Garnavich et al. 1994; Gao & Chen 2012) . Additionally, the cluster distance can be derived from a detailed analysis of binary systems (e.g. Brogaard et al. 2011; Jeffries et al. 2013; Sandquist et al. 2013) , from the period-luminosity relation of pulsating stars (e.g. Soszynski et al. 2008 Soszynski et al. , 2010 , or from direct estimates (e.g. Basu et al. 2011; Miglio et al. 2012; Balona et al. 2013) , and so on.
In the Kepler field of view there are two open clusters NGC 6791 and NGC 6819 in which solar-like oscillations have been observed for a number of red-giant stars (Stello et al. 2010 (Stello et al. , 2011a Hekker et al. 2011b; Basu et al. 2011; Miglio et al. 2012; Corsaro et al. 2012; Balona et al. 2013; Wu et al. 2014 ). An overview of earlier work regarding distance moduli, interstellar extinctions/reddenings, ages and metallicities presented in the literature for these clusters is provided in Table 1 . In short: NGC 6791 is one of the oldest (6 ∼ 8 Gyr, e.g. Harris & Canterna 1981; Wu et al. 2014) clusters with super-solar metallicity ([Fe/H] ≈ 0.3 ∼ 0.4 dex, e.g. Carraro et al. 2006; Brogaard et al. 2011; Wu et al. 2014) , with a true distance modulus in the range 12.9 ∼ 13.1 mag (Basu et al. 2011; Miglio et al. 2012; Wu et al. 2014) . NGC 6819 is an intermediate-age cluster (1.6 ∼ 2.5 Gyr, e.g. Rosvick & Vandenberg 1998; Kalirai et al. 2001; Basu et al. 2011; Wu et al. 2014 ) with near-solar or slightly super-solar metallicity (e.g. Bragaglia et al. 2001; Hole et al. 2009; Warren & Cole 2009; Wu et al. 2014) . The true distance modulus of this cluster is of the order of 11.8 ∼ 12.0 (e.g. Basu et al. 2011; Jeffries et al. 2013; Balona et al. 2013; Wu et al. 2014) .
In this paper, we propose a new method to estimate the cluster distance modulus from global oscillation parameters (∆ν and ν max ) and V photometry of cluster members of NGC 6791 and NGC 6819. This method is based on a relation between the frequency of maximum oscillation power ν max , (12)). cc Based on new relation (Equation (15)). the large frequency separation ∆ν, the apparent magnitude V , the metallicity Z, and the distance modulus (m − M) 0 .
DERIVATION OF DISTANCE MODULUS RELATIONS
For solar-like oscillations, there are two scaling relations with respect to large frequency separation ∆ν and the frequency of maximum oscillation power ν max . They are
and
which are described by Kjeldsen & Bedding (1995) . In the above equations, ∆ν ⊙ = 134.88 µHz, ν max,⊙ = 3120 µHz, and T eff,⊙ = 5777 K, which are taken from Kallinger et al. (2010) . The two equations are usually used to determine stellar parameters, such as, the mass M , radius R, mean densityρ, surface gravity g. For the two scaling relations, many detailed discussions have been presented; for example, Bedding & Kjeldsen (2003) , Stello et al. (2008) , Kallinger et al. (2010) , White et al. (2011 ), Miglio et al. (2012 , Mosser et al. (2013) , and Hekker et al. (2013) . For this work we have decided to not include any of the proposed corrections (White et al. 2011; Miglio et al. 2012; Mosser et al. 2013) as there is no consensus in the literature of the size of the correction for red giant branch stars (Hekker et al. 2013 ) to which we apply the scalings in the present study.
Combining the two equations (Equations (1) and (2)) and the relation among the stellar luminosity L, the effective temperature T eff , and the radius R:
we can obtain a relation 24 log ν max = 28 log ∆ν + 10 log M − 3 log L, (4) where all the variables (large frequency separation ∆ν, frequency of maximum oscillation power ν max , stellar mass M , and luminosity L) are in units of the corresponding solar values.
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The relation between the absolute bolometric magnitude M b,⋆ and stellar luminosity L can be expressed as:
where, M b,⊙ = +4.75 is the solar absolute bolometric magnitude. From this relation it follows that:
In general, it is very difficult to detect the stellar bolometric magnitude in observations. The stellar radiation can in fact only be measured in a few specific spectral bands, such as V band. Thus, in Equation (5) the absolute bolometric magnitude M b,⋆ needs to be replaced by the absolute apparent magnitude M V . In order to obtain the stellar bolometric magnitude, one has to introduce a new physical parameterthe bolometric correction BC -the difference between M b,⋆ and M V :
Corresponding to the absolute apparent magnitude M V , the parameter that can be detected by an observer is the apparent magnitude V . Due to the interstellar medium between the star and the observer, the value of apparent magnitude V will be larger than the intrinsic value that is unaffected by the interstellar medium. Such an intrinsic value is usually named as the true apparent magnitude and denoted by V 0 . The difference between the true and apparent magnitudes is the interstellar extinction A V . It can be expressed as
According to the definition of distance modulus, the difference between V 0 and M V is called the true distance modulus (m − M) 0 and the difference between V and M V is called the apparent distance modulus (m − M) V . Combined with Equation (7), the relationship among
Combining Equation (6) with Equation (8), we obtain the following relation
Therefore, combining Equation (5) with Equation (9) results in the following equation:
Finally, combining Equations (4) and (10), gives the following relation:
Note that from Equation (11) we can estimate the distance modulus (m − M) 0 by use of the observation parameters (∆ν, ν max , and V ), if we know the stellar mass M , the bolometric correction BC and the extinction A V . We can use ∆ν and ν max to eliminate the mass M from Equation (11). In this way Equation (11) can be rewritten as
Alternatively, Equation (12) can be directly derived from Equations (1), (2), (3), (5) and (9). Equation (12) shows that we can determine the distance modulus (m − M) 0 from ∆ν, ν max , V , T eff , and BC and/or analyze the relation between the distance modulus (m − M) 0 and interstellar extinction A V .
In an alternative approach, we use a relation for red giant branch (RGB) stars based on the Hayashi relation ( Wu et al. (2014, Equation (11) ). This relation describes the stellar effective temperature T eff as a function of the stellar radius R, the stellar mass M , and the metallicity Z (metal fraction) as follows:
where, a = −0.049, b = 0.051, c = −0.022, and d = −0.008 and metal fraction Z with the unit of Z ⊙ = 0.02, which are taken from Wu et al. (2014) . Combining Equations (1), (2), and (13), the stellar mass M can be expressed as:
which corresponds to Equation (16) of Wu et al. (2014) . This can be used to obtain a relation among ν max , ∆ν, Z, V , BC, A V , and (m − M) 0 , by substituting Equation (14) into Equation (11) 
In fact, Equation (15) is not only applicable in the V band, but can also be used in other wavelength bands with a little modification. However in that case, V and A V should be replaced by m λ + (V − m λ ) and A λ , respectively, where m λ is the apparent magnitude of the λ band, (V − m λ ) is the color excess between V and λ band, and A λ is the interstellar extinction of the λ band, or V , BC, and A V should be replaced by m λ , BC λ , and A λ , where BC λ is the general bolometric correction of λ band, i.e., BC λ = M b,⋆ − M λ . As a result, Equation (15) accordingly becomes 9.482 log ν max = 15.549 log ∆ν
These equations (Equations (15), (16), and/or (17)) can be used to explain the trend between V or K, and ∆ν (see Figure 7 in Stello et al. 2011b , and Figure 1 in the present study). In Figure 7 of Stello et al. (2011b) , these trends have similar slopes but different intercepts. From Equations (15), (16), and/or (17), we suggest that those different intercepts of different clusters are due to those clusters having different metallicities Z, distance moduli (m − M) 0 , and interstellar extinctions A V . Additionally, Equation (15) can be used to determine the cluster distance modulus (m − M) 0 from ν max , ∆ν, V , and cluster metallicity Z (see Section 4.2).
DATA SOURCE AND CLUSTER PARAMETERS
In the present study, the investigated targets (see Figure 2 , larger fulled points) and their oscillation parameters are taken from Wu et al. (2014) (for the detailed description with respect to the selection of targets and the analyses of observational data see Wu et al. (2014) ). The relative uncertainties of ∆ν and ν max are about 1.2% and 1.5%, respectively.
To estimate the bolometric corrections BC for the targets we use the T eff : BC scales established by Flower (1996, hereafter F96) and the coefficients corrected and modified by Torres (2010) . At the same time, we use the color-temperature calibrations established by Ramírez & Meléndez (2005, hereafter RM05) to estimate the effective temperatures. For the considered targets, the photometric data in B and V band are derived from Stetson et al. (2003) for NGC 6791 and from Hole et al. (2009) for NGC 6819 in the same way with Wu et al. (2014) . In addition, the K photometry is derived from the 2MASS catalog (Skrutskie et al. 2006 ). For the metallicity and the interstellar reddening, we adopt [Fe/H] = +0.29 ± 0.10 dex and E(B − V ) = 0.16 ± 0.025 mag for NGC 6791. These values are obtained from spectroscopic observations (Brogaard et al. 2011) . For NGC 681, we adopt [Fe/H] = +0.09 ± 0.03 dex and E(B − V ) = 0.142 ± 0.044 mag. These values are obtained from high-dispersion spectroscopy of four clump stars (Bragaglia et al. 2001) . The data sources and basic input parameters are listed in Table 2 . The reddening conversion
Using the RM05 color-temperature relations ((V − K) : T eff ) we find that for the giants an uncertainty of 0.02 mag in (V −K) and an uncertainty of 0.1 dex in [Fe/H] lead to an uncertainty of 15 K and 5 K in T eff , respectively. For the basic parameters of the clusters, we adopt 0.10 dex as the uncertainty of the metallicity [Fe/H], 0.02 mag as the uncertainties in V and K (same as Hekker et al. 2011a) , and 0.04 mag as the uncertainty in the reddening E(B − V ). Combining this with the system uncertainty of 30 K (RM05), we obtain a total uncertainty in effective temperature: 5 K (metallicity) + 80 K (reddening) + 30 K ((V − K)) + 30 K (RM05) = 145 K.
Using the F96 T eff : BC scales we find that for T eff ranging from 4000 K to 5500 K with an uncertainty of 145 K in T eff leads to an uncertainty of about 0.07 mag in the bolometric correction BC. There is no definite discussion with respect to the uncertainty in T eff : BC scales. We adopt 0.05 mag as its system uncertainty from the results by F96 and the data of Table 2 of their paper. Therefore, we obtain a total uncertainty in the bolometric correction: 0.07 mag (T eff ) + 0.05 mag (F96) = 0.12 mag.
The interstellar extinction (A V ) is assumed to be the same for all stars in a cluster, because of the size of a cluster. It can be also expressed as a function of interstellar reddening
More detailed discussions with respect to extinction and reddening have been presented by e.g., Savage & Mathis (1979) , Weingartner & Draine (2001) , Fiorucci & Munari (2003) , and Bilir et al. (2008) .
DISTANCE MODULI FOR NGC 6791 AND NGC 6819
In this section we refer to Equation (12) as the 'classical relation' as this is based on the scaling relation by Kjeldsen & Bedding (1995) . Equation (15) is referred to as the 'new relation' because it is based on the relations for red giant branch stars derived from the Hayashi track.
Classical Relation
From Equation (12) it can be derived that stars in a cluster should show a linear relation when 12 log ∆ν − 1.2(V + BC) is plotted as a function of 6 log ν max + 15 log T eff , if they have the same distances and interstellar extinctions. This relation is shown in Figure 3 . All investigated targets are indeed located on a linear relation which confirms the cluster memberships of the considered stars. Additionally, Equation (12) and the above analysis show that we can obtain the cluster distance modulus through fitting the relation 12 log ∆ν−1.2(V + BC) = A 1 [6 log ν max + 15 log T eff ] + B 1 (fitting relation (1) of Table 3 ). Combining Equation (12) and the fitting relation, we obtain a relation between distance modulus (m − M) 0 , interstellar extinction A V , and the fitting coefficient B 1 :
For the observations, the fitting coefficient A 1 is 1.004±0.015 for NGC 6791 and 0.992 ± 0.008 for NGC 6819, respectively. These are in good agreement with the theoretical prediction 1.0 (see Figure 3 and fitting (1) of Table 3 ). In Figure 3 , the two fitted lines -the fit with both A 1 and B 1 as free parameters and the fit with A 1 fixed to 1.0 -are in good agreement with each other and with the data. Therefore, combining the value of fitted coefficients B 1 , the interstellar extinction A V , and Equation (19), we can obtain the cluster true distance modulus (m − M) 0 . For NGC 6791, combining Equations (19) with (18) and substituting the values of B 1 and E(B − V ), we obtain a cluster true distance modulus (m − M) 0,6791 = 13.08 ± 0.08 mag and the corresponding apparent distance modulus of (m − M) V,6791 = 13.58 ± 0.03 mag. For NGC 6819, we obtain the cluster true distance modulus (m − M) 0,6819 = 11.83 ± 0.14 mag and the apparent distance modulus (m − M) V,6819 = 12.27 ± 0.02 mag in the same way. These results are listed in Table 1 in bold font.
It can be found from the panel (a) of Figure 3 that for NGC 6791 there are three data points (KIC 2436593, KIC 2437965 and KIC 2570384) deviating from the fits. They are denoted by filled points in Figure 3 . Those deviations may be caused by the fact that these targets are potential blends (see Stello et al. 2011b , for detailed discussion). Besides the blending, the interstellar extinction may be another factor for those deviations.
In the above analysis we do not calculate individual stellar distance moduli of the cluster stars, but regard all considered Table 3 , the dashed lines show the corresponding 1σ uncertainties, and the solid lines show the fits of the theoretical prediction, i.e., the coefficient A 1 fixed to 1.0 and coefficient B 1 as a free parameter. Solid symbols indicated with KIC numbers are discussed in the text. targets in a cluster as an entity. This is a novel way to calculate the average distance modulus of a cluster. It fully reflects the characteristic of member stars in a cluster.
In the above analysis, all results are based on Equation (12), which is derived from the solar-like oscillations and photometric observations. It is therefore suitable for stars showing solar-like oscillations. However, uncertainties may vary as a function of the accuracy of the scaling relations (White et al. 2011; Miglio et al. 2012; Mosser et al. 2013; Hekker et al. 2013) 
Sources of Uncertainties in the Classical Relation
Distance moduli obtained with the classical relation are mainly affected by the uncertainties in BC, T eff , and E(B − V ) (see Figure 4) . Fundamentally, the major uncertainty comes from the uncertainty of E(B − V ), because E(B − V ) significantly affects the effective temperature T eff and further affects the bolometric correction BC. For example, a change of 0.01 mag in E(B − V ) directly leads to a change of 0.03 mag in (m − M) 0 through Equations (19) and/or (18) and to a change of about 20 K in T eff through the RM05 colortemperature relation accordingly. A change of 20 K in T eff will directly lead to a change of about 0.03 mag in (m − M) 0 through Equation (12) (12)). Uncertainties propagate from left to right directly (one line connects the variables and the distance modulus directly) or indirectly. '×' denotes that the distance modulus is not directly affected by the variable. Note that in the uncertainty analyses, we use a characteristic temperatureT eff ≈ 4500 K as a characteristic stellar effective temperature.
influence of E(B − V ) for our results is complicated as well as significant and cannot be ignored.
Compared to the influence of other uncertainties, the influence of metallicity can be ignored, because it only slightly affects the effective temperature T eff and bolometric correction BC. 
New Relation
In Equation (15), both the metallicity Z and distance modulus (m − M) 0 are assumed to be constant for a cluster. Here, we do not consider possibilities of stellar regeneration in a cluster and mergers between two or more clusters. As a result, we do not need to calculate these parameters individually for member stars of a cluster. In addition, the metallicity Z can be obtained from spectroscopic observations. Therefore, using Equation (15) to determine the cluster distance modulus can be a convenient and effective method.
From Equation (15)) it follows that stars should follow a linear relation when 15.549 log ∆ν − 1.2(V + BC) is plotted as a function of 9.482 log ν max , if they have the same distances, metallicities and interstellar extinctions. This is indeed shown in Figure 5 confirming the cluster membership of the considered stars. Additionally, we can estimate the cluster distance modulus or metallicity through fitting the relation 15.549 log ∆ν − 1.2(V + BC) = A 2 [9.482 log ν max ] + B 2 (fitting relation (2) of Table 3 ). Combining Equation (15) and the fitting relation, we obtain a relation with respect to the true distance modulus (m − M) 0 , metallicity Z, interstellar extinction A V , and the fitting coefficient B 2 : Table 3 . In addition, the filled symbols represent outliers (see text for more details).
From the analysis of the observational data with fitting relation (2) of Table 3 , and substituting the corresponding coefficients into Equation (20), the cluster distance modulus can be obtained.
For NGC 6791, we obtain the fitted coefficient A 2 to be 1.014 ± 0.009, which is within 2σ of the theoretically predicted value of 1.0 (see panel (a) of Figure 5 and fitting (2) of Table 3 ). The consistency between the fits and the data allow us to combine the fitted coefficient B 2 , Equation (20), and spectroscopic metallicity ([Fe/H] 6 ) to obtain the cluster distance modulus. Here we use [Fe/H] (+0.29 ± 0.10 dex, Brogaard et al. 2011, spectroscopy) . In this way we obtain the cluster true distance modulus (m − M) 0,6791 = 13.09 ± 0.10 mag and the corresponding apparent distance modulus (m − M) V,6791 = 13.59 ± 0.06 mag. These results are listed in Table 1 in bold font. It can be found from Table 1 that the results obtained from the new relation (Equation (15)) are consistent with those previously obtained from classical relation (Equation (12)) and with the results from the literature.
We note that KIC 2436593, KIC 2437965, and KIC 2570384 are also discrepant in this analysis, as was the case in the analysis using the classical relation.
For NGC 6819, the fitted coefficient A 2 is 1.001 ± 0.006, which is in good agreement with the theoretically predicted value of 1.0 (see panel (b) of Figure 5 and fitting (2) (15)).
dex (Bragaglia et al. 2001, high-dispersion spectroscopy) and the corresponding value of fitted coefficient B 2 into Equation (20) and combining Equation (18) and the value of corresponding reddening E(B − V ), we obtain the cluster true distance modulus (m − M) 0,6819 = 11.88 ± 0.14 mag and its corresponding apparent distance modulus (m − M) V,6819 = 12.32 ± 0.03 mag. They are listed in Table 1 Equations (15) and (20) show that the results determined from the new relation are mainly affected by two factorsmetallicity [Fe/H] and reddening E(B − V ). For reddening E(B − V ), the influence on the results is similar as its influence on the classical relation (Equation (12)), except for the effective temperature as this is not a parameter in the new relation (for detailed analyses of the sources and propagation of uncertainty, see Figure 6 ).
In order to determine cluster distance moduli, the metallicity [Fe/H] appears two times in the analysis of the new relation: firstly, the RM05 color-temperature calibration is dependent on metallicity and on the stellar bolometric correction BC; secondly, [Fe/H] is a key parameter in the determination of distance modulus using Equation (20) . An uncertainty of 0.1 dex in the metallicity [Fe/H] leads to an uncertainty of about 5 K in T eff from the RM05 color-temperature calibration (see Section 3 and Figure 6 ). The change of 5 K in T eff further leads to a change of less then 0.003 mag in the bolometric correction BC. Such a small change can be ignored compared to the obtained uncertainty of 0.12 mag in BC. In Equation ( It can be noted from the current analyses (Table 4 ) that the distance moduli are only slightly affected by the metallicity [Fe/H] in our new method. This is because the stellar bolometric correction BC in Equation (15) is only slightly dependent on the metallicity [Fe/H], and the weight of (m − M) 0 in Equation (20) is about two times that of [Fe/H] . We can therefore obtain a more precise result for the cluster distance moduli by use of this method.
From the above analyses it has been shown that our new method is self-consistent in constraining the clusters distance moduli and their metallicities. It can therefore also be used to estimate the cluster metallicity [Fe/H].
DISCUSSIONS
In the present study, we use two different relations -the so-called 'classical relation' (Equation (12)) and 'new relation' (Equation (15)) -to determine the distance moduli of cluster NGC 6791 and NGC 6819, respectively. The former relation (classical relation) is derived from solar-like oscillations and photometric observations and the latter relation (new relation) is derived from solar-like oscillations, photometric observations, and the theory of stellar structure and evolution of red giant branch stars. Thus, the former relation is in theory applicable to all stars with solar-like oscillations, while the latter relation is only available to the red giant branch stars. In the analysis of these two relations, we always regard all considered stars in a cluster as an entity. This is a novel way to deal with the cluster members and to calculate the average distance modulus of a cluster. It fully reflects the characteristic of member stars in a cluster.
Equation (15) can on the one hand be used to interpret the correlation between the apparent magnitude and the large frequency separations in Figure 1 (also see Figure 7 of Stello et al. 2011b ). In Figure 1 , the V band clearly shows larger scatter than K band. Stello et al. (2011b) suggest that this phenomenon is due to the fact that the V band has stronger sensitivity to differential interstellar reddening. Indeed, Equations (16) or (17) give support for this point. Besides this, the blending may be another factor that may change the apparent magnitude and the color excess between different bands. On the other hand, we use it to determine clusters distance moduli.
We have attempted to analyze the sources and effects of uncertainties. We do not analyze the observational uncertainties of ν max , ∆ν, and V , since they affect the results in a similar way in the classical and new relations. Additionally, we do not take into account uncertainties in stellar radii originating from different definitions. Strictly speaking, the effective radius R is different from the asteroseismic radius R seismic . In the present study, to derive the new relation and to determine the cluster distance moduli we assume that they are equal (in Equations (1) and (2) and Equations (3) and (13)). Therefore, the difference between the two different radii may lead to small systemic uncertainties (Benoît Mosser 2014; private communication ) in the new relation.
For the two relations (Equations (12) and (15)), it can be noted that the classical relation is significantly affected by the uncertainty in effective temperature T eff . In the new relation, however, this disappears and is replaced by ν max , ∆ν, and Z. The values of ν max and ∆ν have small uncertainties and Z has a small weight compared to the other variables. Hence, the distance modulus only slightly depends on the metallicity in the new relation.
In Figure 1 , Figure 3 (panel a), and Figure 5 (panel a) there are three stars, which deviate from the linear relation are indicated with filled dots. These stars are KIC 2436593, KIC 2437965, and KIC 2570384 of NGC 6791. These three targets are potential blends Stello et al. (2011b) . Additionally, in Section 4.1 we suggested that the interstellar extinction may be another factor contributing to the deviations. However, these two factors are not sufficient to interpret those deviations in the three figures (Figures 1, 3 , and 5) simultaneously. One additional contribution can be due to different evolutionary processes that have taken place in these stars.
SUMMARY AND CONCLUSIONS
From the global oscillation parameters (large frequency separation ∆ν and frequency of maximum oscillation power ν max ) and photometry data (apparent magnitude V), we have determined the distance moduli for clusters NGC 6791 and NGC 6819, applying a new method, which regards all stars in a cluster as one entity and determine a mean value of the distance modulus but do not calculated individual distance moduli for the stars. This fully reflects the characteristic of member stars in a cluster as a natural sample. From this investigation we conclude the following:
i: Based on the solar-like oscillations and photometric observations, we have derived relation 6 log ν max +15 log T eff = 12 log ∆ν + 1.2(4.75 − V − BC) + 1.2(m − M) 0 + 1.2A V . We then verified this relation using observational data, and determined the cluster distance moduli of NGC 6791 and NGC 6819.
ii: Based on the solar-like oscillations, photometric observations, and the theory of stellar structure and evolution of red giant stars, we have obtained a new relation 9.482 log ν max = 15.549 log ∆ν−1.2(V +BC)+0.737 log Z +1.2(m − M) 0 + 1.2A V + 5.968. We have verified this relation using observational data.
iii: Based on the new relations, we have interpreted the trends between the apparent magnitude and larger frequency separation. At the same time, we have determined the cluster apparent distance moduli to be 13.59 ± 0.06 mag for NGC 6791 and 12.32 ± 0.03 mag for NGC 6819, respectively. Accordingly the corresponding true distance modulus is 13.09 ± 0.10 mag for NGC 6791 and 11.88 ± 0.14 mag for NGC 6819, respectively. iv: We have found that the influence of E(B − V ) for the distance modulus is very complicated and can not be ne-glected for the classical relation. The change of 0.01 mag in E(B − V ) will lead to an uncertainty of at least 0.04 mag in (m − M) 0 . The contribution of T eff to the uncertainty is considerable in the classical relation, while it is not present in the new relation. Additionally, we have found that the distance modulus only slightly depends on the metallicity in the new relation.
v: The new method presented here could be used as a discrimination tool to determine the membership of cluster stars in the same way as the asteroseismic method of Stello et al. (2011b 
